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SIMULTANEOUS ACQUISITION OF
DIFFERING IMAGE TYPES

RELATED APPLICATIONS

This application claims priority to provisional U.S. appli-
cation Ser. No. 60/958,557 filed on Jul. 6, 2007, which 1s
herein incorporated by reference. This application 1s also a
continuation-in-part of U.S. application Ser. No. 11/796,689
filed on Apr. 27, 2007, which 1s a continuation of U.S. apph-
cation Ser. No. 10/400,024 filed on Mar. 25, 2003 now U.S.
Pat. No. 7,257,437 which 1s a continuation-in-part of U.S.
application Ser. No. 10/190,231 filed Jul. 5, 2002 now U.S.
Pat. No. 7,016,717/, priority of each of which i1s hereby
claimed, and each of which 1s herein incorporated by refer-
ence.

The United States Government has rights in this invention
pursuant to Contract No. DE-AC32-07NA27344 between the
United States Department of Energy and Lawrence Liver-
more National Security, LLC for the operation of Lawrence
Livermore National Laboratory.

FIELD OF THE INVENTION

The present ivention relates to image acquisition, and
more particularly to simultaneous formation, transfer,
decomposition and/or capture of multi-spectral and or multi-
modal 1mages.

BACKGROUND

While visual examination still remains the most important
diagnostic method, recent rapid progress in photonic tech-
nologies for real time pathological assessment has demon-
strated a great deal of promise by expanding the dimension
and spectral range of observation. The spatial resolution of
these new technologies extends from the tissue to the single
cell level and can provide information 1n real time to help
enhance the ability of a surgeon to determine the status of
tissue. Development of technology capable of providing
diagnostic information in real time could revolutionize a
number of diagnostic and therapeutic clinical procedures.

Optical biopsy utilizes optical spectroscopy techniques to
characterize tissue, and requires direct exposure of the tissue
under examination to the light source. It 1s therefore particu-
larly suitable 1n a clinical setting for intraoperative use to
assist 1n the assessment of the tissue 1n real time. Numerous
reports over the past 20 years have highlighted a number of
spectroscopic approaches capable of detecting cancer and
separating out the different tissue components. An example of
such a technology 1s described 1n U.S. application Ser. No.
10/400,024 filed on Mar. 25, 2003, from which prionty is
claimed.

Tissue characterization via photonic techniques explores
the use of 1ntrinsic optical signatures (contrast mechanisms)
or extrinsic contrast agents to detect and/or image abnormal
(such as cancer) tissues and organs in real time. Although
basic research has provided the proof of concept that a num-
ber of different approaches can provide histopathology infor-
mation in real time, to date there has been limited success in
translating this photonic technology into novel medical
instrumentation. Arguably, this may be yet another example
ol a new technology that industry fails to recognize 1ts poten-
tial in a timely fashion or a failure by scientists to design and
build mstrumentation suitable for use in a clinical setting that
has the potential to emerge from the basic research level.
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2
SUMMARY

A system 1n one embodiment includes an 1image forming
device for forming an 1mage from an area of interest contain-
ing different image components; an illumination device for
illuminating the area of interest with light containing multiple
components; at least one light source coupled to the 1llumi-
nation device, the at least one light source providing light to
the i1llumination device contaiming different components,
cach component having distinct spectral characteristics and
relative 1ntensity; an image analyzer coupled to the image
forming device, the 1mage analyzer decomposing the image
tformed by the image forming device into multiple component
parts based on type of imaging; and multiple image capture
devices, each image capture device recerving one of the com-
ponent parts of the image.

A system 1n one embodiment includes an 1image analyzer
for coupling to an 1image forming device adapted for insertion
in a human body, the image analyzer decomposing an image
formed by the image forming device into multiple component
parts based on type of imaging; multiple 1mage capture
devices, each 1image capture device recerving one of the com-
ponent parts of the image; and a processing device coupled to
the 1mage capture devices.

A method in one embodiment includes recerving an image
from an 1mage forming device; decomposing the image
formed by the image forming device into multiple component
parts based ontype ol imaging; recerving the component parts
of the image; and outputting 1mage information based on the
component parts of the image.

Other aspects and embodiments of the present invention
will become apparent from the following detailed descrip-
tion, which, when taken in conjunction with the drawings,
illustrate by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a system for simultaneous acquisition of
images using different techniques according to one embodi-
ment.

FIG. 2 1llustrates a system for simultaneous acquisition of
images using different techniques according to one embodi-
ment.

FIG. 3 1llustrates a system for simultaneous acquisition of
images using different techniques according to one embodi-
ment.

FIG. 4 1llustrates a system for simultaneous acquisition of
images using different techniques according to one embodi-
ment.

DETAILED DESCRIPTION

The following description 1s made for the purpose of 1llus-
trating the general principles of the present invention and 1s
not meant to limit the inventive concepts claimed herein.
Further, particular features described herein can be used 1n
combination with other described features 1n each of the
various possible combinations and permutations.

Unless otherwise specifically defined herein, all terms are
to be given their broadest possible interpretation including

meanings implied from the specification as well as meanings
understood by those skilled in the art and/or as defined in

dictionaries, treatises, etc.

It must also be noted that, as used 1n the specification and
the appended claims, the singular forms *“a,” “an’ and “the”
include-plural referents unless otherwise specified.
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A system 1n one general embodiment includes an 1mage
forming device for forming an image from an area of interest
contaiming different 1mage components; an i1llumination
device for illuminating the area of interest with light contain-
ing multiple components; at least one light source coupled to
the 1llumination device, the at least one light source providing
light to the 1llumination device containing different compo-
nents, each component having distinct spectral characteris-
tics and relative itensity; an image analyzer coupled to the
image forming device, the image analyzer decomposing the
image formed by the image forming device mto multiple
component parts based on type of imaging; and multiple
image capture devices, each 1mage capture device receiving
one of the component parts of the image.

A system 1n one general embodiment includes an 1mage
analyzer for coupling to an 1mage forming device adapted for
isertion 1 a human body, the image analyzer decomposing
an 1mage formed by the 1image forming device mnto multiple
component parts based on type of 1imaging; multiple image
capture devices, each 1image capture device receving one of
the component parts of the image; and a processing device
coupled to the 1image capture devices.

A method 1n one general embodiment includes receiving
an 1mage ifrom an 1mage forming device; decomposing the
image formed by the image forming device into multiple
component parts based on type of 1maging; receiving the
component parts of the image; and outputting 1image infor-
mation based on the component parts of the image.

Instrumentation 1s described according to various embodi-
ments that can be adapted to any type of image forming device
(e.g., camera lenses, microscope lens, etc) of image forming
and relaying devices (e.g. endoscopes, laparoscopes, boro-
scopes, endoscope-type devices used 1n the medical field to
view 1nterior body structures, etc.) that offers the ability to
simultaneously acquire multiple optical images that are based
on different methodologies. This may include simultaneous
acquisition of two or more of the following (or other) types of
images: conventional color (RGB) image, auto fluorescence
images, 1mage based on fluorescence of a contrast agent,
polarization sensitive image, light scattering images at ditier-
ent spectral ranges, Raman scattering spectrum from a local-
ized area, etc. In some approaches, the images can be
acquired through a wide range of spatial resolutions. More-
over, imaging can be performed from the micro scale (e.g.,
cell level) to the macro scale (e.g., tissue level), and anywhere
in between. Some embodiments also allow transitioning from
one scale to another.

According to various embodiments, the mstrumentation
may be particularly suitable for medical applications when
adapted to various types of endoscopic devices such as, e.g.,
colonoscopes, cystoscopes, laparoscopes, bronchoscopes,
etc., to examine 1nterior body organs and tissues using mul-
tiple optical spectroscopy-based 1maging techniques while
the conventional color image 1s simultaneously recorded so
that several or all of the 1images can be displayed 1n real time.
The benefit of such application 1s that the visual examination,
which still remains the most important diagnostic method
during surgery, 1s complemented by the spectral 1image(s)
which can provide additional diagnostic information 1n the
most efficient manner that allows for easy co-registration and
correlation of image features and minimized acquisition time.

In one particularly preferred approach, novel instrumenta-
tion for tissue diagnosis provides expedited information and
high sensitivity and specificity. One important parameter to
be taken into account 1s the limited time a patient can spend in
the operating room. This weighs heavily 1n favor of instru-
mentation that offers fast scanning speed. Consequently, in
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one approach, the main screening technique may be of low
spatial resolution but at the same time, may provide high
sensitivity. In other embodiments, an important issue 1s to be
able to accurately assess the margins of a tumor. Margin
delineation may require higher spatial resolution and also
higher specificity. Several multimodal approaches presented
herein incorporate high sensitivity and specificity. Moreover,
the new technologies presented herein may be complemen-
tary to existing methodologies.

In various embodiments, the task of achieving integration
of imaging methodologies (conventional and novel spectro-
scopic) includes acquiring all images simultaneously by the
same 1mage forming device (lens, endoscope, etc). Accord-
ingly, one embodiment of the present invention includes
instrumentation that can integrate acquisition in real time of
color conventional imaging with spectral imaging or point
spectroscopic measurements over a wide range of spatial
resolutions. This instrumentation can preferably be adapted
to any existing image forming device such as those already 1n
use in the medical field. Furthermore, the design of such
instrumentation may take into consideration the surgeon’s
work ergonomy. It 1s generally desirable that the tools used by
the surgeon are lightweight and have physical dimensions
compatible with the human anatomy.

While much of the following discussion focuses on the
detection of cancer, this 1s done by way of example only. It
should therefore be kept in mind that the same type of tech-
nology can be used to image and/or separate out various
components in other types of tissue such as nerves, veins,
arteries, tumors, scar tissue, foreign objects such as shrapnel,
ctc. Furthermore, 1t can be used to evaluate tissue components
exposed to various adverse conditions such as 1schemic or
chemical imnjury and genetic defects. Other uses and applica-
tions are also anticipated.

One climical setting particularly pertinent to the teachings
herein 1s the detection and 1maging of cancer located inside
the body via endoscopes. Based on the discussion above, the
design of an endoscopic system for real time cancer detection
and margin delineation preferably affords fast screening
speed, and the ability to examine the margins with high spatial
resolution and high sensitivity and specificity. To achieve fast
screening speed, one embodiment employs macroscopic dual
imaging where a conventional color (red/green/blue, or RGB)
or black and white 1mage 1s displayed simultaneously with
the spectral image to help determine abnormal tissue regions.

Any type of conventional color or black and white imaging
technology can be used. Illustrative components are pre-
sented below.

The spectral image may be based on other types of imag-
ing, such as auto fluorescence 1mages, 1mage based on fluo-
rescence of a contrast agent, polarization sensitive 1image,
light scattering images at different spectral ranges, Raman
scattering spectrum from a localized area, etc. For example,
optical biopsy utilizes optical spectroscopy techniques to
characterize tissue, and requires direct exposure of the tissue
under examination to the light source. It 1s therefore particu-
larly suitable 1n a clinical setting for intraoperative use to
assist 1n the assessment of the tissue 1n real time.

The spectral image may also be based on a wide range of
photonic techmiques. Tissue characterization via photonic
techniques explores the use of intrinsic optical signatures
(contrast mechamisms) or extrinsic contrast agents to detect
and/or image abnormal (such as cancer) tissues and organs 1n
real time.

The spectral image may be based on the utilization of the
Near Infrared (NIR) Autofluorescence under long-wave-
length excitation imaging technique 1n combination with NIR
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light scattering as described in U.S. Pat. No. 7,257,437 to
Stavros et al., which 1s herein incorporated by reference.

FIG. 1 1s a schematic diagram of an imaging system 100
according to one embodiment. As shown in FIG. 1, the system
100 includes an 1mage forming device 102. The image form-
ing device 102 used to form, and optionally relay, an image
from the area of interest (e.g., tissue or internal organ) can be
or include any conventional device such as camera lenses,
various types of endoscopes designed to achieve direct visu-
alization of objects located in a remote location, or other
modality. Therefore, one embodiment of the system design
presented here can be adapted to any existing image forming,
instrumentation already available at a user location.

An 1mage transfer line 106, such as an 1mage preserving
fiber or fiber bundle, a conduit or channel having reflective
portions, €.g., mirrors, etc., relays the image from the image
forming device 102 to a separate location where the 1image
can be retrieved, decomposed nto individual components or
modified via optical mechanisms. The resulting image nfor-
mation based on the capture device output, including raw or
processed image data, can thereafter be directly displayed on
the same or on separate output devices 122, 124 such as video
monitors or other types of display devices, and/or further
processed using appropriate computer software e.g., on a
processing device 126, e.g., computer, chip, Application Spe-
cific Integrated Circuit (ASIC), etc., for output of information
derived therefrom. Accordingly, as implied, each output
device may display information corresponding to one or more
ol the component parts of the image. Moreover, images can be
“fused” into composite images via software and/or hardware
and output on one or more of the monitors 122, 124. In one
approach, an NIR 1mage 1s superimposed on a color image.
The overlying image may be translucent, semitransparent,
and/or nontranslucent. Further, the overlying image may
include only portions of the source image, such as portions
having a contrast or intensity i some range, or above or
below a threshold value.

An 1llumination device 110 may be coupled to the image
tforming device 102. In one approach, an 1llumination channel
of the endoscope 102 or other image forming device may be
used to carry the illumination light from an i1llumination
assembly 112 to the remote location to be 1maged. The 1llu-
mination device 110 may be integral to the image forming
device 102, or coupled thereto. The illumination device 110
can also be free from the image forming device 102. In one
approach, the 1llumination device 110 includes a fiber or fiber
bundle that 1s part of the image forming device 102. Light
from an 1llumination assembly 112 1s carried to the 1llumina-
tion device 110 by appropriate transier mechanism 114, such
as a fiber or fiber bundle. The transifer mechanism 114 1is
preferably flexible. The illumination assembly 112 may
include one or more light sources 116, 118, 120, as needed to
illuminate the sample (organ, tissue, etc.) being imaged 1n the
appropriate format. The light source(s) provide light to the
illumination device contaiming different components, each
component having distinct spectral characteristics and rela-
tive intensity. Illustrative light sources include broadband or
narrow band NIR light sources, excitation laser sources, vis-
ible light sources, monochromatic light sources, other narrow
band light sources, ultraviolet light sources, etc. For example,
NIR spectral imaging may be based on light scattering from
tissue, tissue autofluorescence, emission by a fluorescent con-
trast agent, etc.

In the 1llustrative embodiment of FIG. 1, the 1llumination
includes a white light source 120 covering the visible spec-
trum to facilitate the acqusition of the conventional color
image. In addition, laser sources 116, 118 are used to excite
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the tissue or a contrast agent (e.g., that has been applied to the
tissue area to be 1maged through topical application, the vas-
cular system or other method) at the desired wavelength to
produce the fluorescence signal to be used to form the spectral
image.

In various approaches, the illumination light sources 116,
118, 120 may be coupled to the 1llumination channel that may
already exist 1n the image relaying device 102. In the case of
endoscopes, an 1llumination fiber 1s used to deliver light into
the 1interior body location to be imaged. This same 1llumina-
tion channel can be used to deliver the output of the system’s
light sources 1nto the location to be 1imaged.

Note that the 1image forming device 102 may be coupled
directly to the image transfer line 106. Alternatively, the
image formed by image forming device 102 may be coupled
to the 1image transter line 106 via the use of an image coupler
106 which 1s comprised mainly of a set of lenses to relay the
image from the image forming device 102 to the image trans-
fer line 106.

In other approaches, an optional 1image transier module
108 may interface with the image forming device 102 to assist
in coupling the formed 1image to the image transier line 106.
The 1image transier line 106 1s preferably tlexible, or prefer-
ably has a flexible section to allow articulation of the image
forming device 102. One vendor of fiber optic bundles that
may be used in various embodiments 1s Schott Fiber Optics,
Inc., d.b.a. SCHOTT North America, Inc., 555 Taxter Road,
Elmstord, N.Y. 10523, USA. Types of fibers and fiber bundles
that are usable with some embodiments are presented in U.S.
Pat. No. 6,598,428 to Cryan et al., which 1s herein incorpo-
rated by reference for 1ts teaching of fibers and fiber bundles.

In use, the 1mage 1s retrieved at the distal end of the image
transport line 106 using appropnate optics 108 and projected
towards an 1mage analyzer 104 that splits the image nto
component parts, which are directed towards two or more
different 1mage recording devices 130, 132, e.g., cameras,
alter being split. The image analyzer 104 may include devices
that reflect light at certain wavelengths and allow light at other
wavelengths to pass therethrough. Decomposition or “split-
ting” of the conventional color image may be achieved using
a “cold” minor which allows for the image component in the
visible range to be retlected towards a first image capture
device (e.g., RGB CCD) 130. The remaining (NIR) compo-
nent of the image passes through the “cold” mirror and 1s
recorded by a second image capture device 132 (e.g., high
sensitivity CCD array). Moreover, any of the information
may be recorded and stored, e.g., electronically on a hard disk
or tape library, in raw form, processed form, compressed or
converted form, etc.

Appropnate filters may be used 1n front of each imaging/
detection system to exclude some or all of the spectral com-
ponents not needed for the execution of the specific task by
cach component. For example, an excitation attenuation filler
134 may be used to filter out laser light from the image
applied to a color image capture device 130. A visible light
pass filter 136 may also be used 1n conjunction with a color
image capture device 130. For a NIR 1mage, for example, an
appropriate NIR-pass filter 138 may be used.

This technique allows for the separation of the conven-
tional RGB 1mage from the NIR spectral image (or any other
combination of 1mages) so that both can be acquired and
displayed simultaneously. In addition, as mentioned previ-
ously, the spectral image 1n some approaches can be based on
fluorescence or light scattering. In the latter case, the Spectral
and Polarization Differential Imaging technique (SPDI) can
be used to achieve depth profiling of a suspected lesion or
tissue components (such as veins or arteries) providing addi-
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tional diagnostic capabilities. The SPDI image can be
acquired through an additional imaging module that employs
simultaneous acquisition of light scattering images at differ-
ent wavelengths. SPDI imaging may require additional 11lu-
mination wavelengths/sources and filters as has been
described 1n U.S. Pat. No. 7,257,437 to Stavros et al., which
has been 1incorporated by reference.

For tumor margin delineation (or other applications where
higher spatial resolution 1mages are needed), regions of inter-
est (suspected cancer) may be examined at the microscopic
level to visualize tissue microstructure (organization and cell
characteristics) using autofluorescence imaging under UV
excitation. These approaches have been described in U.S.
patent application Ser. No. 11/292,406 “Hyperspectral
microscope for 1n vivo imaging of microstructures and cells
n tissues”, filed on Nov. 30, 2005, and which 1s herein incor-
porated by reference. This approach can be integrated into the
system design described here. Implementation of such
approach may include endoscopes that have zoom capabili-
ties or utilization of more than one endoscope, each providing
the desired spatial resolution.

To achieve a high level of specificity, imaging/screening,
using multiple optical modalities/techniques may be
employed. To address this problem, one embodiment has
built-in multimodal and multispectral 1maging capabilities
for both, the macro- and micro-scopic imaging modes. For
example, for the macroscopic 1maging module, imaging at
different parts of the NIR spectrum can be utilized while the
excitation (used for autofluorescence or contrast agent fluo-
rescence 1maging) may be at any (or multiple) wavelengths
shorter than about 670-nm. Multimodal 1imaging can also be
used 1n the microscopic imaging module. For example, exci-
tation around 270-nm provides images based on tryptophan
emission while excitation around 330-nm provides images
based on collagen or NADH which can be separated out by
selecting the appropnate spectral window for imaging (cen-
tered at 390-nm for collagen and 470-nm for NADH). These
images can be acquired simultaneously (e.g 266-nm excita-
tion and 300-330-nm emission for tryptophan along with
355-nm excitation and 370410 nm emission for collagen and
430-520-nm emission for NADH). In addition, the spectral
range for excitation may be expanded in the visible to acquire
images based on emission by other tissue fluorophores (such
as Flavins and Porphyrins) or contrast agents. A schematic
layout of a system according to one embodiment that incor-
porates RGB colorimaging, NIR fluorescence imaging, SPDI
imaging and three different modes of microscopic 1maging
(e.g., as described above) 1s shown 1n FIG. 2.

Referring to the illustrative embodiment 200 of FIG. 2,
similar general components as 1n the system 100 of FIG. 1 are
used. Again, a commercially available endoscope (possibly
with zoom capabilities) or other type of image forming device
102 can be used for multi-image acquisition. The endoscope
1s used to form and relay the images of interior body organs
(esophagus, bladder, colon, etc.) and/or tissues into an 1mage
preserving fiber bundle 106. The 1mage 1s then transierred
into the 1mage processing unit 202 where 1t 1s split to 1ndi-
vidual components (1maging modes) such as conventional
color (RGB), SPDI (low resolution subsurface), fluorescence
(low resolution autofluorescence or contrast agent) and three
microscopic 1mages in the blue, violet and ultraviolet spec-
trum. All images can be acquired simultaneously via image
capture devices 130, 132, 204, 206, 208 and displayed sepa-
rately and/or fused 1nto composite 1images via soltware or
hardware, etc.

Asn the systems of FIG. 1, appropnate filters may be used
in front of each imaging/detection system to exclude some or
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all of the spectral components not needed for the execution of
the specific task by each component.

The imaging approaches described above can be comple-
mented by the acquisition of the spectrum from a single
smaller region within the imaged area. One 1llustrative system
300 having this type of mstrumentation 1s shown in FIG. 3,
which shows a design for the simultaneous acquisition of a
spectral 1mage (such as NIR autofluorescence or contrast
agent emission) along with a color RGB 1mage that are
complemented by acquisition of the spectral profile (such as
Raman scattering) from a smaller area. The execution of this
type of measurement that involves simultaneous acquisition
of images and spectral profiles from a single point involves a
number of modification/addition to the designs previously
described. First, the excitation light (laser) to be used for
spectroscopy 1s preferably delivered by a separate 1llumina-
tion channel 302 such as a fiber that 1s passed from a second
i1llumination assembly 304 and through the working channel
of the image forming device 102, e.g., endoscope, to reach the
target areca. A microlens 306 (such as a grin lens) located at the
tip of the fiber 1s used to focus the light into a small area
(point-like) 308 within the 1maged area 310 (which may be
illuminated using the endoscope’s 1llumination channel or
through a separate 1llumination guide external or internal to
the endoscope). The spectrum (e.g., tluorescence, Raman
scattering, etc.) 1s collected by the image forming system
(lens or endoscope) and preferably projected into a specific
set of fibers 1n the 1image transter line 106, e.g., 1mage pre-
serving fiber bundle, that correspond to the area 308 of the
image that 1s illuminated by the focused excitation source. At
the distal end of the 1image preserving fiber 106, the 1image
may be split again similarly to the way 1t was described above,
but part of the image containing the spectral region where the
spectral profile 1s located 1s directed into the slit of a spec-
trograph 312. The part of the image that does not contain the
spectral information (not i1lluminated by the focused light
source) may be discarded via the use of a device (such as a
pinhole) that allows for spatial selection of the signal from a
specific area of the image prior to entering the slit (or equiva-
lent apparatus such a pinhole or input fiber) of the spectrom-
cter 312. The spectrum may be spectrally resolved and
recorded by an appropriate device 314 (such as a CCD).
Another spectral imaging device 316 may acquire a different
spectral 1image (such as NIR autotfluorescence or contrast
agent emission) while a color image capture device 130 cap-
tures a color RGB 1mage. As above, representations of the
various 1mages can be displayed on monitors 122, 320, 322;
processed by a computing device 126; superimposed on one
another; etc. Note that the information output relating to the
spectral profile from the smaller area may be representative
data showing some computed result based on the spectral
image received.

As a example of possible implementation of the system
shown 1n FIG. 3, the specific spectral ranges used by each
modality may be the following: 1) The RGB i1mage 1s
obtained using white light 1llumination i the 400-650 nm
spectral range. 2) The NIR autofluorescence or contrast agent
emission 1mage 1s obtained Linder 650 nm excitation and
emission 1n the 680-790 nm spectral range. 3) To record the
Raman scattering spectrum from a specific location within
the 1imaged area, laser excitation at 800-nm 1s utilized while
the Raman scattering spectrum of the tissue extends from
810-950 nm.

As 1n the systems of FIGS. 1 and 2, appropnate filters may
be used 1n front of each imaging/detection system to exclude
all other spectral components except the one needed for the
execution of the specific task by each component.
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FIG. 4 depicts vet another 1llustrative embodiment 400 1n
which an 1mage 1s captured nearer to the image forming
device 102. Accordingly, an 1mage capture device may be
coupled to the image forming device 102, the image transier
module 108, a first splitter, etc. Inthe approach shown, a RGB
CCD 130 1s coupled to the image transier module 108. The
color 1image 1s split from the remaining 1mage at the image
transier module 108, and the remaining 1image passes through
the 1image transport line 106 to another 1mage capture device
and/or 1image processing unit 202. Typically, the resolution of
the recorded 1mage formed by the image forming device 102
1s dependent upon the number of fibers 1n a fiber bundle of the
image transier line 106. This approach, for instance, more
readily allows capture of a higher resolution color image and
lower resolution NIR 1mage through a fiber bundle.

The embodiments described herein, and the many varia-
tions and permutations thereof, have many novel aspects. For
instance, some embodiments include integration of different
imaging modalities into a single system that can be used forin
vivo screening and interrogation of tissue 1n a clinical setting
aiming at providing suificient information to achieve 1n real
time a) histopathology evaluation, b) surface or subsurface
tissue component visualization and separation, and ¢) tissue
evaluation. In some embodiments, the spectral image(s) are
simultaneously acquired and displayed with a conventional
color (RGB) image which helps minimize the extra time for
implementation of the new 1maging method(s) (e.g., no need
to 1nsert a specialized endoscope) while the operator can
directly correlate the spectra image or spectral profile with the
images he/she 1s trained to utilize as the primary guidance
tool.

Uses of the Embodiments

Embodiments of the present invention may be used 1n a
wide variety of applications, and potentially any application
in which 1imaging 1s useful.

Hlustrative uses of various embodiments of the present
invention include, but are not limited to detection and diag-
nosis of disease, cancer detection and imaging, detection and
imaging ol other tissue pathologies, detection and analysis of
cellular processes, microscopy, multi-spectral and hyper-
spectral 1maging, separation and imaging of tissue compo-
nents, endoscopy and interior body 1imaging, remote sensing,
and 1maging, etc.

While various embodiments have been described above, it
should be understood that they have been presented by way of
example only, and not limitation. Thus, the breadth and scope
of a preferred embodiment should not be limited by any of the
above-described exemplary embodiments, but should be
defined only 1n accordance with the following claims and
their equivalents.

What 1s claimed 1s:

1. A system, comprising;

an 1mage analyzer for coupling to an 1mage forming device
adapted for insertion 1n a human body, the 1image ana-
lyzer decomposing an image formed by the 1mage form-
ing device ito multiple component parts based on type
of 1maging;

multiple image capture devices, each image capture device
receiving one of the component parts of the image; and

a processing device coupled to the image capture devices,

wherein the processing device 1s configured to acquire and
process 1mage data from the multiple 1image capture
devices 1n real tune and provide a new composite image
based on the component parts.
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2. The system of claim 1, further comprising at least one
light source for providing light to an illumination device
coupled to the image forming device for delivering 1llumina-
tion into the area of interest.

3. The system of claim 2, further comprising the image
forming device and an 1llumination channel, the 1llumination
channel being configured such that light from the 1llumina-
tion channel 1s focused onto a smaller portion of the area of
interest than that 1lluminated by the illumination device.

4. The system of claim 3, further comprising a spectrom-
cter equipped with a capture device for receiving light from
the image analyzer originating from the smaller portion of the
area of interest that 1s 1lluminated by the focused light of the
i1llumination channel.

5. The system of claim 2, wherein the at least one light
source includes a first light source for generating ultraviolet,
far red, near infrared or infrared light and a second light
source for generating visible white light.

6. The system of claim 2, wherein the at least one light
source 1ncludes a broadband visible light source and at least
one other light source for inducing tissue autofluorescence
outside of a visible spectrum or fluorescence from the tissue
outside of a visible spectrum 1n the presence of a fluorescence
contrast agent.

7. The system of claim 2, wherein the at least one light
source mcludes a visible light source and at least one other
light source for generating broadband or multiple narrow
bands 1n the far red and near infrared (NIR) spectral region.

8. The system of claim 1, wherein the image forming
device includes a single endoscopic or endoscopic micro-
scope or a device that can provide endoscopic imaging from
the microscopic to the macroscopic level.

9. The system of claim 1, wherein composite image infor-
mation based on multiple component parts of the image 1s
output.

10. The system of claim 1 wherein the 1mage forming
device 1s a handheld or robotically held device that can view
an interior or exterior of a human body.

11. The system of claim 10, wherein the image forming
device provides spatial resolution capable of viewing tissue
organization and structure at a cellular level.

12. The system of claim 10, wherein the 1mage forming
device provides a user-selectable spatial resolution.

13. A system, comprising:

an 1mage analyzer for coupling to an 1image forming device

adapted for 1nsertion 1n a human body, the 1mage ana-
lyzer decomposing an image formed by the image form-
ing device mto multiple component parts based on type
of 1maging;

multiple image capture devices, each image capture device

receiving one ol the component parts of the image; and

a processing device coupled to the image capture devices;

and

output devices coupled to the processing device,

wherein the processing device 1s configured to acquire and

process 1mage data from the multiple 1mage capture
devices simultaneously, the output devices being for
displaying information based on the 1image data acquired
from the 1mage capture devices.

14. A system, comprising:

an 1mage analyzer for coupling to an 1image forming device

adapted for 1nsertion 1n a human body, the 1mage ana-
lyzer decomposing an image formed by the image form-
ing device ito multiple component parts based on type
of 1maging;

multiple image capture devices, each image capture device

receiving one of the component parts of the image;
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a processing device coupled to the image capture devices; wherein the processing device 1s configured to process
the 1mage forming device; and image data captured from the multiple 1image capture
an 1llumination channel, the 1llumination channel being devices in real time and output one or more composite
configured such that light from the illumination channel images that are based on the component parts including
1s focused onto a smaller portion of the area of interest s an image based on one of the component parts superim-
than that 1lluminated by the 1llumination device, posed over an image of another of the component parts.

wherein the image capture devices are configured to oper-
ate independently, continuously, and simultaneously to
capture 1mage data, and I I
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